Objective: This study examined the association between body mass index (BMI) and waist circumference (WC) and coronary artery disease (CAD) in Taiwanese type 2 diabetic patients. Methods: A total of 1183 (558 men and 625 women) patients aged 62.4711.6 years were studied. CAD was diagnosed by history or an electrocardiogram by Minnesota codes. Results: The respective cutoffs of BMI and WC as determined by the receiver operating characteristic curves were 24.5 kg/m 2 and 90 cm for men, and 25 kg/m 2 and 80 cm for women. Distributions of CAD prevalence and multivariate-adjusted odds ratio (MAOR) for BMI cutoffs of 24.5 and 25 kg/m 2 were quite similar in men. MAOR for WC above the respective cutoffs for men and women was 1.832 (1.267-2.648) and 1.450 (0.956-2.200, 0.05oPo0.1), and for BMIX25 kg/m 2 was 1.759 (1.213-2.551) and 1.471 (1.052-2.058) for men and women, respectively. Patients with BMIX25 kg/m 2 and WCX90 cm for men or X80 cm for women had the highest risk of CAD when compared to those without either risk factor, with respective MAOR of 2.053 (1.352-3.118) and 1.698 (1.071-2.691).
Introduction
In Taiwan, cardiovascular disease is the most common cause of death in patients with diabetes mellitus. 1, 2 Obesity is not only a predisposing risk factor for the development of dyslipidemia, hypertension and diabetes mellitus, [3] [4] [5] it is also a significant predictor for coronary artery disease (CAD). [6] [7] [8] Body mass index (BMI) and waist circumference (WC) have commonly been used as indicators of obesity. 9 The World Health Organization (WHO) recommends cutoffs of BMI and WC for obesity at 30 kg/m 2 and 102 cm for men and 88 cm for women, respectively. 10 However, these cutoff values seem to be better predictors for clinical diseases associated with obesity in the Europeans with larger body build, and not suitable for the Asian populations with smaller body build. 11 The International Obesity Task Force (IOTF) has proposed different cutoffs for obesity for Asian adults by using BMIX25 kg/m 2 and WCX90 cm for men and X80 cm for women. 12 In the recently published WHO expert consultation report, an increased risk of cardiovascular disease is recognized at BMI cutoffs ranged from 22 to 25 kg/m 2 in different Asian populations, and there is no recommendation for new clear BMI cutoffs for all Asians.
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The Department of Health (DOH) of Taiwan uses similar cutoffs of WC for obesity as recommended by the IOTF for the Asian adults, but a higher BMI cutoff at 27 kg/m 2 . 13 The DOH of Taiwan also recommends BMI cutoff at 24 kg/m 2 for overweight. 13 Reliable and convincing evidence of clinical relevance to apply the cutoffs recommended by the IOTF or by the DOH for the Taiwanese population is still lacking. It is also unknown whether these cutoffs can predict CAD in Taiwanese patients with type 2 diabetes mellitus (T2DM), a subgroup of subjects with the highest risk of cardiovascular morbidity [14] [15] [16] [17] [18] [19] and mortality. 1 Therefore, the purpose of the present study was to determine the optimal cutoffs of BMI and WC as determinants for CAD in Taiwanese adults with T2DM.
Research design and methods

Study subjects
The study was approved by the DOH of Taiwan and the subjects voluntarily participated in the study. Among our previously established cohort of 93 484 diabetic patients across Taiwan, 90 044 patients were diagnosed as T2DM. 15 Among them 4164 cases were randomly selected and they were invited to participate in a health examination. A total of 1441 patients participated in the health examination and 1420 patients were diagnosed as T2DM. Patients aged o18 years were excluded because the definition of obesity in children applied in research might be different from that of the adults. 20 Among these patients with T2DM, a total of 1183 (558 men and 625 women) patients aged 62.4711.6 (18-87) years had complete data for analyses in the present study. Subjects who participated in the health examination were randomly selected from a national sample and there were no significant differences found in age or sex between those participating in the health examination and those who did not or between those with type 2 diabetes and those who did not.
Diagnosis of CAD
The diagnosis of CAD was based on one of the following criteria: (1) definite history of an episode of acute myocardial infarction; (2) definite history of angina pectoris with documented electrocardiographic findings and under specific therapy; and (3) for those without a history of acute myocardial infarction or angina pectoris, resting electrocardiogram was carried out and coded according to the Minnesota codes as described previously. [18] [19] 
Anthropometric parameters
Body height in cm was measured by having the subjects stand with their heals, buttocks and heads against the wall, placing a flat object on top of the subjects' head, and marking the height on the tape measure affixed to the wall. Body weight was measured in kilograms (kg) with a standard portable scale. Body weight and body height were measured with light clothes and bare feet. BMI was calculated as body weight in kg divided by the square of body height in meters. WC was measured according to the recommendation of the World Health Organization. 21 The subjects stood with feet 25-30 cm apart with weight evenly distributed. Measurement was taken midway between the inferior margin of the last rib and the crest of the ilium in a horizontal plane by the measurer sitting by the subject and fitting the tape snugly but not compressing soft tissues. Circumference was measured at the end of a quiet expiration of the subject to the nearest 0.1 cm. ), and the optimal cutoffs derived from the receiver operating characteristic (ROC) curve by maximizing the sum of sensitivity and specificity in the present study. To evaluate the interactions between BMI and WC cutoffs recommended for the Asian adults, a parameter was created by dividing the patients into four groups of risk, that is, patients without either, with either, and with both risk factors of BMI and WC above cutoffs. CAD prevalences in different categories of BMI and WC were analyzed by w 2 test and logistic regression was used to estimate the odds ratios and their 95% confidence intervals with adjustment for age, smoking and education years.
Statistical analyses
Results
BMI and WC were highly correlated with respective correlation coefficients of 0.823 for men (Po0.01) and 0.736 for women (Po0.01). The baseline characteristics between the diabetic men and women are shown in Table 1 . The diabetic women were significantly characterized by older age, less smokers, lower education level and lower WC, but BMI and CAD prevalence were similar between sexes. Table 2 compares the age, smoking, education years, BMI and WC between patients with and without CAD by sex. Except for smoking and education years, all of the other BMI, WC and CAD in Taiwanese T2DM C-H Tseng variables differed significantly. Both BMI and WC were significantly higher in patients with CAD in both sexes The optimal cutoffs of BMI for the diabetic men and women were 24.5 and 25.0 kg/m 2 , respectively; and of WC 90 and 80 cm, respectively. The optimal cutoffs of WC for both sexes and BMI for the diabetic women were similar to the recommended cutoffs for the Asian adults. 12 However, the optimal cutoff of BMI for the diabetic men was slightly lower than the recommended cutoff for Asians. The optimal BMI cutoffs for both sexes were close to the cutoff of 24 kg/m 2 for overweight but much lower than the cutoff of 27.0 kg/m 2 for obesity recommended by the DOH of Taiwan.
13 Table 3 shows the CAD prevalences and the adjusted odds ratios for CAD, treating BMI and WC both as continuous and as categorical variables using various cutoffs in the diabetic men and women separately. As continuous variables, both BMI and WC were significantly associated with CAD in both sexes. At the various cutoffs of BMI, the cutoff at 27.0 kg/m 2 was not significantly associated with CAD in both sexes. The CAD prevalences and odds ratios using either 24.5 or 25 kg/m 2 as cutoffs were quite similar and were both significant for either the diabetic men or women. For convenience, a similar cutoff of 25 kg/m 2 could be recommended for both sexes. BMIX25 kg/m 2 was the cutoff for obesity recommended for the Asian adults 12 or for overweight recommended by the WHO. 10 This cutoff seemed to be more clinically relevant in Taiwanese T2DM than the cutoff of BMI, WC and CAD in Taiwanese T2DM C-H Tseng obesity with BMIX27 kg/m 2 recommended by the DOH of Taiwan. 13 When WC was analyzed as a categorical variable, adjusted odds ratios showed that it was associated with CAD only at 90 cm for men, and at 80 cm (with borderline significance) for women, suggesting the need to use different cutoffs of WC for men and women, respectively. Interactions between BMI and WC were also observed. Adjusted odds ratios were significant only for those with both a higher BMI and WC in either sex, suggesting that measurement of both parameters could much improve the predictive power.
Discussion
The WHO has recommended the cutoffs of BMIX25 and X30 kg/m 2 for overweight and obesity, respectively. 10 However, whether these cutoffs are appropriate for the Asian populations has been questioned and debates on the revisions of these cutoffs for the Asian populations have arisen. 22 25 did not support a lower cutoff for obesity in Asians. Third, the use of different cutoffs would make comparisons of obesity prevalence among different studies difficult and is too complicated for use in public health. Stevens supported the concept of 'duality' of cutoffs, one for universal definition of overweight and obesity, and another for local public health action level.
22,23
On the other hand, Misra supported a revision of the cutoffs for the Asian-ethnic groups because lower levels of BMI were predictive for cardiovascular risk factors such as diabetes, hypertension and dyslipidemia in the Asian populations. 26 Furthermore, the lack of difference in the cutoffs of obesity in BMI-mortality association between Asians and Caucasians 25 could be confounded by several factors having nothing to do with cardiovascular disease. 24 Misra also pointed out that more recent studies in the Chinese suggested a lower cutoff of BMI in the association with all-cause mortality, and incidence of coronary heart disease and stroke. 24 Evidence also suggested that the Asian people could have higher body fat at a 'normal' range of BMI, which could raise the cardiovascular morbidity and all-cause mortality at a lower range of BMI. 24 The concept of 'duality' of cutoffs, one for 'universal' definition of obesity or overweight and one for 'individual country' to take public health action was also challenged by Misra on the ground that these dual cutoffs would cause a great deal of confusion. 24 The results of this study suggested an increase of CAD risk at BMI levels of 24.5-25.0 kg/m 2 and at different levels of WC for the diabetic men (90 cm) and women (80 cm) ( Table 3 ).
This range of BMI approximately equals to the 'overweight' cutoffs recommended by the WHO 10 or the recommended revision for 'obesity' for the Asians. 12 However, the range of BMI was in-between the cutoffs of overweight (BMIX24.0 kg/m 2 ) and obesity (BMIX27.0 kg/m 2 ) recommended by the DOH of Taiwan. 13 The identified optimal levels of WC in the present study were also much lower than those recommended by the WHO. 10 A recent study assessing the optimal cutoffs of BMI and WC for their association with any one of the risk factors of diabetes, hypertension and dyslipidemia by using the ROC analyses suggested that these cutoffs for Taiwanese men and women, respectively, were 23.6 and 22.1 kg/m 2 for BMI, and were 80.5 and 71.5 cm, respectively, for WC. 27 These optimal cutoffs of BMI or WC for the association with risk factors seemed to be lower than those for the association with CAD derived from the present study. The interpretation of these optimal cutoffs derived by maximizing the sensitivity and specificity for detecting CAD in a group of diabetic patients in this study should be cautious if the results are to be extrapolated to other disease outcomes or to the population without diabetes. The discrepancies between the association with risk factors 27 and with CAD in the present study supported the first argument raised by Stevens 22 against the revision of cutoffs for Asians. Since diabetic patients are at a much higher risk of CAD 18 and both diabetes and cardiovascular disease remain the major cause of death in Taiwan, 1 this study provided scientific evidence to take local action in the high-risk patients with diabetes. It was agreed that a recommendation level for taking public health and clinical action to reduce the obesity-related morbidity and mortality should be based equally on scientific evidence and local political and socioeconomic situations. This is especially true in the Asian populations, which are composed of a variety of ethnicities and characterized by versatile political, cultural, social and economic conditions. Whether the cutoffs for the definitions of overweight and obesity should be revised for the Asian people is controversial at the present time. However, the need to take action cannot wait until all arguments are settled, not to say the pros and cons are equally strong on the basis of scientific evidence. There should be no argument that policy-makers in every country should decide their own plan of public health action to reduce the epidemics of obesity and its related morbidity and mortality weighting scientific researches performed locally and a variety of factors not related to the risk of outcomes (e.g. socioeconomic and political status). For example, if the risk factors in the general population rather than the disease status of CAD in the diabetic patients are the targets of prevention in Taiwan, then policy-makers should use a lower level of BMI and WC recommended by Lin et al 27 as goals.
However, in consideration of the cost to target a large proportion of the general population with the risk factors, policy-makers may choose the other way to reduce the incidence of CAD in the high-risk group of diabetic patients.
BMI, WC and CAD in Taiwanese T2DM C-H Tseng
If this is the case, then the BMI and WC goals could be set at higher levels as identified in the present study. Epidemiologic data are especially lacking but urgently needed in the Asian populations. A revision of the recommendation for the Asian populations might be necessary but this would be better done until after more evidences, especially those obtained from prospective follow-up studies with a variety of outcomes, are available from different Asian countries. For simplicity, only the effects of age, sex, smoking and education years were considered in the analyses of the present study. The potential confounding effects of the common risk factors for atherosclerosis such as hypertension, hyperlipidemia and the duration of CAD were not taken into account. Because the aim of the present study was to identify the optimal cutoffs of BMI and WC, including too many confounders would make it more complicated for evaluation and interpretation. However, it is worthy to emphasize that obesity should not be evaluated in isolation and the impact of other well-recognized risk factors for cardiovascular disease should never be neglected in the diabetic patients. Smoking and education level were not associated with CAD in the present study (Table 2 ). Although the lack of an association between smoking and CAD seemed to be contradictory to the generally accepted concept of smoking as a risk factor, no association was also noted in our previous longitudinal follow-up study for CAD incidence in patients with T2DM in Taiwan. 18 More studies are necessary to examine this somewhat interesting but paradoxical finding. The results of this study also suggested the usefulness of using WC to approximate visceral adiposity due to its significant association with CAD in the diabetic patients. In summary, BMI and WC are associated with CAD both as continuous variables and as categorical variables at certain cutoffs. The recommended cutoffs for obesity of BMIX25 kg/m 2 and WCX90 cm for men and X80 cm for women for Asian adults are also of potential usefulness in Taiwanese adults with T2DM in terms of the risk of CAD. This BMI cutoff is defined as 'overweight' by the WHO. Whether these BMI or WC cutoffs can be applied to the general population of Taiwan or to other outcomes awaits further investigations. Measurement of either BMI or WC shows similar predictive power for CAD in both sexes, but simultaneous measurement of both parameters can improve the predictive power. In the evaluation of anthropometric factors on health problems, the effect of sex should be considered.
